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Dogs  are  frequently  infected  by one  or  more  species  of  endoparasites,  which  can lead  to sec-
ondary infections  that cause  high  morbidity  and  death.  In this  context,  2 nematode  species
are of veterinary  importance:  Angiostrongylus  vasorum,  which  is a parasite  of  the  pulmonary
artery  and  right ventricle  in domestic  and  wild  canids,  and  Ancylostoma  caninum,  which  is a
parasite of  the  small  intestine  in felids  and domestic  and  wild  canids.  We  used  20 mongrel
dogs  that  were  divided  into  groups  and  infected  as  follows:  Group  A  included  5 uninfected
dogs,  Group  B included  5 dogs  infected  with  A. vasorum,  Group  C included  5  dogs  infected
with  A. caninum,  and  Group  D  included  5 dogs  co-infected  with  A. vasorum  and  A.  caninum.
Parasitological  and  hematological  monitoring  were  performed.  The  counts  of  larvae and
eggs shed  in the feces  varied  throughout  the collection  period.  Moreover,  negativation  was
not observed  in  any of  the  infected  groups.  The  animals  in  Group  C had  macrocytic  and
hypochromic  anemia,  whereas  the  animals  in Group  D  had  macrocytic  and  normochromic
anemia.  Infected  dogs  also presented  with  eosinophilia  and  lymphocytosis.  These  data  from
coproparasitological  techniques  provide  an  improved  assessment  of  disease  severity  and  a
more thorough  understanding  of parasitism  in  the  host.
Crown. Introduction
Dogs are frequently infected by one or more species
f endoparasites that can cause high morbidity, includ-
ng  weight loss, anemia, and low immune resistance. In
urn,  these conditions can lead to secondary infections
nd even death (Vasconcellos et al., 2006). The nematode
pecies Angiostrongylus vasorum and Ancylostoma caninum
re  important to both veterinary and public health because
f  their wide geographical distribution, pathogenicity, and
oonotic  potential. A. vasorum (Baillet 1866) is a parasite
f  both the right ventricle and the pulmonary artery and
ts  branches in domestic and wild canids. This parasite has
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a heteroxenic life cycle, and aquatic and terrestrial mol-
lusks  are its intermediate hosts. Another way of deﬁnitive
hosts become infected is by ingesting paratenic hosts, as
amphibians such as Rana temporaria (Bolt et al., 1993).
Infected canids present with nonspeciﬁc clinical signs, such
as  weight loss, persistent dry cough, dyspnea, pulmonary
congestion, hemorrhagic pneumonia, arrhythmias, frames
thrombosis, disseminated intravascular coagulation, and in
severe  cases, death (Cury et al., 2002; Mozzer and Lima,
2012). A. caninum (Ercolani, 1859) parasitizes the small
intestine in felids and domestic and wild canids. This par-
asite  has a monoxenic life cycle and can accidentally infect
humans, causing cutaneous larva migrans. In canids, ane-
mia  and intestinal lesions are common (Provic and Croese,
1990;  Loukas and Provic, 2001; Lima, 2011).
Because of the importance of these nematodes and the
high  rate of co-infection in enzootic regions, studies of
.V. All rights reserved.
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the dynamics and biological and parasitological aspects of
these  infections are needed to improve our understand-
ing of these interactions and facilitate the establishment of
novel  control measures and prophylactic strategies.
2. Materials and methods
2.1.  Infection of dogs
This  study used 20 mongrel dogs of both sexes, with
an  average age of 18 months (14–24 months) and a mean
weight of 12.4 kg (11–16 kg). All the dogs were born and
raised  in the Experimentation Kennel of the Institute of
Biological Sciences (ICB-UFMG) in accordance with estab-
lished  standards of animal welfare and with the approval
of  the ethics committee for animal experimentation of the
Federal  University of Minas Gerais (CETEA/UFMG) (proto-
col  no. 147/2011). Before infections, animals were treated
with  two doses of polivalent anthelmintic drug (50 mg  of
Praziquantel, 144 mg  of Pamoato de pirantel and 150 mg  of
Febantel,  Drontal plus – Bayer, at intervals of 21 days. Ani-
mals  were maintained at individual bays, with dog food
adapted to their age and water ad libitum.
A. vasorum L1 were obtained from the cycle maintained
in the laboratory using successive passages in snails (Oma-
lonyx  matheroni) and dogs (Canis familiaris). This strain was
isolated  from a dog in Caratinga, Minas Gerais State (Lima
et  al., 1985). A. caninum L3 were obtained from the cycle
maintained in the laboratory using infected dogs (C. famil-
iaris).  This strain was isolated from mongrel dogs of the
center  of zoonoses of Belo Horizonte, Minas Gerais State.
The  dogs were randomly divided and infected as fol-
lows: Group A included 5 uninfected dogs that were used
as  a negative control, Group B included 5 dogs that were
orally  infected with 100 third-stage larvae (L3) of A. vaso-
rum  per body kilogram weight as a positive control for A.
vasorum,  Group C included 5 dogs that were orally infected
with  100 L3 of A. caninum per body kilogram weight as a
positive  control for A. caninum, and
Group D included 5 dogs that were orally infected with
100  L3 of both A. vasorum and A. caninum per body kilogram
weight.
2.2.  Parasitological and hematological monitoring
Parasitological monitoring consisted of counting the
number of eggs per gram of feces (4 g) (epg) for dogs
infected with A. caninum as previously described by Hotez
et  al. (2002) and counting the larvae per gram of feces
(100 g) (lpg) for animals infected with A. vasorum using
a  modiﬁed Baermann technique (Barc¸ ante et al., 2003).
Examinations were performed daily starting on the 10th
and  30th days post infection (dpi) for dogs infected with
A.  caninum and A. vasorum, respectively, until the detec-
tion  of the pre-patent period. Subsequent examinations
were performed at 7 day intervals. Blood was collected by
venipuncture of the cephalic vein at 15-day intervals using
tubes  containing 10% EDTA (ethylenediamine tetraacetic
acid). The collected samples were processed to obtain ery-
throcytes  and leukocytes in an automated hematologicaltology 200 (2014) 111– 116
cell counter (Model BC 2800 VET – Mindray). The experi-
mental period lasted 120 days.
2.3. Statistical analysis
GraphPad  Prism 5 software (GraphPad, USA) was used
to  analyze the data. The Kolmogorov–Smirnov test was
used  to determine the distribution of the data. For com-
parisons between 2 groups, the Student’s t-test was used
for  parametric data and the Mann–Whitney U test was
used  for nonparametric data. To determine signiﬁcant
differences among 3 or more groups, ANOVA and the Bon-
ferroni  correction were used for parametric data, and the
Kruskal–Wallis test and Dunn’s test were used for nonpara-
metric data. Inﬂuence of days of infection and groups was
assessed  by two-way ANOVA followed by Bonferroni post
test.  Results were considered statistically signiﬁcant when
the  p value was  ≤0.05.
3.  Results
3.1. Parasitological monitoring
In  Group B, the pre-patent period for A. vasorum ranged
from 58 to 65 days (mean 62.4 ± 2.9 SD). In Group C, the
pre-patent period for A. caninum ranged from 18 to 22 days
(mean  20.2 ± 1.6 SD). In Group D, the pre-patent periods
ranged from 37 to 82 days (mean 62.8 ± 19.0 SD) for A. vaso-
rum  and 13–25 days (mean 17.8 ± 4.5 SD) for A. caninum,
as shown in Table 1. No differences were observed in the
patency for A. vasorum between groups B and D (p = 0.9641)
and  for A. caninum between groups C and D (p = 0.2995).
Throughout the study period, parasitological examinations
of  the infected groups remained positive. The lpg counts
for  A. vasorum and the epg counts for A. caninum varied
throughout the experiment as shown in Fig. 1.
In Group B, the number of lpg varied from 38 to 432, and
the  output peak occurred at 78 days post infection (dpi). In
Group  C, the number of eggs per gram of feces varied from
300  to 7340, with the output peak occurring at 57 dpi. In
Group  D, the lpg varied from 2.2 to 78.4, and the epg varied
from  30 to 3540, with output peaks at 113 dpi for A. vasorum
and  43 dpi for A. caninum. The observed variation in lpg and
epg  values was lower in co-infected animals (Group D) than
in  mono-infected animals (Groups B and C) (p = 0.06).
In Groups C and D, increased epg values were observed
for A. caninum during the ﬁrst 50 days after infection, and
these  values subsequently declined (Fig. 1 B).
3.2. Hematologic reviews
During  this experiment, all groups of infected dogs
(Groups B, C, and D) displayed a signiﬁcant reduction in
the  average number of erythrocytes compared to the unin-
fected  dogs in Group A (p < 0.0001). Although the dogs in
Groups  B, C, and D displayed a decline in this parameter,
dogs infected with only A. caninum (Group C) showed the
sharpest  decline (Fig. 2A).
Throughout the experiment, there was  a sharp decline
in  hemoglobin levels in all infected groups compared to
the  control group (p < 0.0001). Although Groups B and D
R.M. Dracz et al. / Veterinary Parasitology 200 (2014) 111– 116 113
Table 1
The  pre-patent period (PPP) of Angiostrongylus vasorum-infected dogs in Group B, Ancylostoma caninum-infected dogs in Group C, and dogs co-infected
with  both parasites in Group D.
Animal Group B Group C Group D
PPP A. vasorum PPP A. caninum PPP A. caninum PPP A. vasorum
1 65 18 16 76
2  63 19 19 49
3  61 21 16 37
4  65 21 25 82
 1.6 
P
e
i
(
p
t
c
d
p
(
i
v
F
l
i
l
(
D5  58 22 
Mean ± SD 62.4  ± 2.9 20.2 ±
PP, pre-patent period in days SD, standard deviation.
xhibited decreased values, dogs infected with only A. can-
num  (Group C) had the greatest change in this parameter
p  < 0.0001) (Fig. 2B).
In  mono-infected dogs (Groups B and C), the mean cor-
uscular hemoglobin (MCH) values were stable throughout
he  experiment, with no signiﬁcant differences from the
ontrol  group (Group A) (p > 0.05). In contrast, co-infected
ogs (Group D) showed a signiﬁcant reduction in this
arameter compared to the other experimental groups
p  < 0.0001) (Fig. 2C).
In  Group B, the mean corpuscular volume (MCV) values
ncreased slightly over the experimental period, but these
alues  were not signiﬁcantly different from those of the
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ig. 1. (A) Kinetics of the elimination of ﬁrst-stage larvae of Angiostrongy-
us vasorum (lpg) in dogs infected with A. vasorum (Group B) and dogs
nfected simultaneously with both parasites (Group D). (B) Eggs of Ancy-
ostoma caninum per gram of feces (epg) in dogs infected with A. caninum
Group C) and dogs infected simultaneously with both parasites (Group
). *Signiﬁcant differences between groups (p < 0.05).13 70
17.8 ± 4.5 62.8 ± 19.0
control group (Group A) (p > 0.05). In Groups C and D, a sig-
niﬁcant  increase in these values was observed compared to
Groups  A and B (p < 0.0001). In Group C, which was com-
prised of dogs infected with A. caninum, these values varied,
while  in Group D, which was comprised of co-infected dogs,
these  values gradually increased (Fig. 2D).
In this experiment, the lowest hematocrit values were
observed in Group C, which was comprised of dogs infected
with  only A. caninum. The next lowest values were observed
in  co-infected dogs (Group D). These 2 groups displayed a
signiﬁcant  reduction compared to Group A, the negative
control group, and Group B, dogs infected with A. vaso-
rum  only (p < 0.0001). Groups A and B exhibited similar
values for this parameter throughout the experiment, with
no  major variations (Fig. 2E).
The animals in Groups A and B showed no signs of
anemia, once detected values erithrocytes, hemoglobin,
hematocrit and MCV  were within expected reference val-
ues  for the host (Mundim et al., 2008). The animals in
Group  C exhibited macrocytic and hypochromic anemia,
while the animals in Group D exhibited macrocytic and
normochromic anemia.
In  Groups B and C, which were comprised of dogs
infected with a single parasite, white blood cell counts
(WBC) revealed higher total cell counts in the peripheral
blood than the counts observed in the uninfected dogs
in  Group A (p < 0.0001). In Group D, these values were
signiﬁcantly increased compared to Group A until 60 dpi
(p  < 0.0001). After this time, a decrease in the amount of
circulating leukocytes was  observed, and the subsequent
values were similar to those of Group A (Fig. 3A).
An analysis of speciﬁc leukocyte populations revealed
that all infected groups exhibited eosinophilia that started
at  15 dpi and persisted throughout the experimental
period. The mean values of the infected groups were signif-
icantly  higher than those of Group A (p = 0.0002) (Fig. 3B).
Lymphocytosis was also observed in Groups B, C, and D,
and  these values were signiﬁcantly higher than the values
in  Group A (p < 0.0001) (Fig. 3C).
4.  Discussion
Parasitological monitoring revealed that the elimina-
tion of L1 in the feces of dogs infected with A. vasorum and
dogs  co-infected with A. vasorum and A. caninum occurred
continuously and intermittently without a well-deﬁned
pattern. This ﬁnding is consistent with results reported by
both  Oliveira-Junior et al. (2006) who  evaluate the kinetics
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 (GroupFig. 2. Mean values of erythrocytes (A), hemoglobin (B), mean corpuscula
in  uninfected dogs (Group A), dogs infected with Angiostrongylus vasorum
simultaneously  with A. vasorum and A. caninum (Group D).
of larval output in the feces of dogs infected and re-infected
with A. vasorum, Mozzer et al. (2011), who studied the
kinetics of larval elimination in dogs with angiostrongylo-
sis and Hotez et al. (2002), who studied the kinetics of egg
elimination in dogs infected with different parasitic loads
of  A. caninum. In the current study, however, the kinetics of
L1  elimination in co-infected dogs was reduced compared
to  that in dogs infected with only A. vasorum.
The observed increase in epg counts during the ﬁrst
50  dpi and the subsequent decline of these values conﬁrmlobin (MCH) (C), mean corpuscular volume (MCV) (D), and hematocrit (E)
 B), dogs infected with Ancylostoma caninum (Group C), and dogs infected
the  data reported by Hotez et al. (2002), who  suggested
these observations indicated that a successful host immune
response against the parasite caused an expulsion of some
adult  worms in the early days of the infection. Experi-
mental evidences describing the coinfection with parasites
demonstrate that a later infection with a different parasitic
specie may  induce adverse events in a previous infection,
leading to a reduced fecundity, parasite burden, egg counts
and  size of adult parasite (Dorchies et al., 1997; Yacob et al.,
2004;  Terefe et al., 2005).
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aninum (Group D).
An analysis of the blood count data revealed that the
lood proﬁles of dogs that were mono-infected with A.
asorum or A. caninum (dogs in Groups B and C, respec-
ively) were different. Dogs infected with only A. vasorum
id  not present with anemia compared to the group of
ninfected dogs, despite the observation of some low ery-
hrocyte  indices throughout the study period. This ﬁnding
s  consistent with previous reports (Cury et al., 2002;ology 200 (2014) 111– 116 115
Chapman et al., 2004; Van Doorn et al., 2009; Schnyder
et al., 2010; Mozzer and Lima, 2012) showing that asymp-
tomatic and anemic dogs with angiostrongylosis could
present a variable hematological proﬁle.
The same pattern was not observed in dogs infected
with A. caninum. In this group, there was a greater change
in  both the WBC  and the leukocyte count compared to
the  other study groups, particularly in relation to the
control group. Anemia was observed in the dogs of this
group, which is consistent with previous studies that cite
anemia  as an important consequence of the pathologi-
cal process in A. caninum infections (Hotez et al., 2002;
Bush et al., 2001; Blackman and Del Rey, 2005; Loukas
et  al., 2005). This anemia has been shown to be related
to intense parasite-induced blood spoliation, which trig-
gers  an increased production and release of blood cells by
the  host bone marrow (Bush et al., 2001). The hypochromic
and macrocytic anemia observed in these dogs indicates a
rapid  release of immature erythroid cells that are produced
via  a lower number of cell divisions during the process of
erythropoiesis and suggests that the animal is responding
to  the infection by producing and quickly releasing red
blood  cells. However, this acceleration in the release of
cells  causes an incomplete synthesis of hemoglobin, which
results  in the hypochromia that was observed in this study.
In  the group of co-infected dogs (Group D), the animals
developed macrocytic and normochromic anemia during
the  course of infection, which indicates that the animals
responded to the infection process with rapid and effective
cellular hemoglobin synthesis.
The  leukocyte analysis revealed that infected animals
had increased total leukocyte counts in the peripheral
blood compared to uninfected animals; this ﬁnding is con-
sistent  with previous studies indicating that leukocytosis
occurred during infection with A. vasorum (Koch et al.,
1992;  Mozzer and Lima, 2012) and A. caninum (Loukas et al.,
2005).  If the demand for these cells in the circulation is too
large,  the bone marrow releases cells in an attempt to efﬁ-
ciently  combat the infection. However, depending on the
speed  with which these cells are produced, they can enter
the  circulation before they are mature (Schalm, 1965). In
Group  D, increased leukocyte counts were observed until
60  dpi. The increased number of these cells may  be due
to  the host immune response against the parasite, and
the  oscillating number of defense cells in the peripheral
blood may  be related to immune cell activities during
infection, such as marginalization migration to the site of
inﬂammation (e.g., the intestine and lungs) in response to
chemotactic compounds.
The  eosinophilia that was observed in all experimental
groups is a common ﬁnding in parasitic infections and is
widely  reported in infections with A. vasorum (Cury et al.,
2002;  Willesen et al., 2009; Mozzer and Lima, 2012) and A.
caninum  (Hotez et al., 2002; Nutman, 2007). Eosinophils
are effector cells that exert their function by releasing
enzymes that damage and kill the parasite and are asso-
ciated with resistance that the host acquires in secondary
infections (Qadir et al., 2011). In the current work, the
increased numbers of circulating eosinophils might be
resulted  from a primary response against the parasite,
once all animals were breed and maintained without any
y Parasi116 R.M. Dracz et al. / Veterinar
parasitic infections. Cury et al. (2002), Loukas and Provic
(2001), Hotez et al. (2002), and Schnyder et al. (2010)
reported eosinophilia as an important ﬁnding in dogs with
angiostrongylosis and canine hookworm, and this cellular
alteration may  be related to the inﬂammatory response
that is generated during the migratory phases that occur
before  the parasite reaches sexual maturity.
The increased number of lymphocytes that was
observed in infected dogs is characteristic of the inﬂam-
matory process, in which there is increased lymphopoiesis
in response to the antigenic and cytokine stimuli that trig-
ger  the host response against the infection (Paling et al.,
1991).
5.  Conclusions
Although co-infection with 2 or more helminths is
common in dogs, few reports have analyzed the clini-
cal,  hematological, and immunological changes that occur
in  response to these parasites. The data obtained in this
study  demonstrate that infection with only A. vasorum
did not cause a speciﬁc proﬁle for the disease and con-
sequently may  be confused with many other diseases. In
contrast,  infection with only A. caninum caused charac-
teristic eosinophilia and anemia. Co-infection with these
parasites caused signiﬁcant hematologic changes, but the
intensity  of these changes was lower than the intensity for
dogs  infected with only A. caninum. These results can be
used  in combination with fecal diagnostic techniques for
a  better assessment of disease severity and an improved
understanding of parasitism in the host.
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